From the perspective of animal hosts of microsporidia, we can conclude that it is rather fortunate that HGT of NTTs from bacteria to parasitic eukaryotes has been relatively rare [17] as otherwise no eukaryote would be safe from diverse microsporidia-like 'super-parasites' stealing its ATP, GTP and NAD + .
Retinotopic maps represent a fundamental organizing principle of visual system wiring. A recent study illustrates how careful coordination of developmental strategies can simultaneously create a diverse array of cell types and establish a complex wiring diagram.
If you have ever assembled an elaborate home entertainment system, you are likely familiar with how challenging it can be not only to plug all of the wiring into the correct ports, but also to make sure that the setup is space-efficient, modular, and reproducible. Yet this task is analogous to a problem all developing nervous systems must solve on a much larger scale: the adult human central nervous system, for example, is estimated to have hundreds of trillions of synapses [1] . What developmental strategies do nervous systems use to wire complex circuits?
A recent study by Pinto-Teixeira et al. [2] , along with two related studies [3, 4] , illustrates how simple developmental processes can be combined to produce, differentiate, and wire a large population of neurons with complex synaptic connections ( Figure 1 ).
In many vertebrate and invertebrate visual systems, signals from neighboring points in space are processed by neighboring microcircuits that collectively form a retinotopic map. Such maps can be widespread across the visual system and can incorporate neurons that are born at different times and places during development. What developmental strategies allow neurons in one map to make connections with synaptic partners that are in the same retinotopic location within upstream and downstream maps?
The Drosophila compound eye collects information from approximately 800 points in visual space. Information from a single point in space projects onto a single columnar unit of feedforward neurons, with a repeated array of columns comprising the retinotopic map [5] . Remarkably, this map is maintained across four optic ganglia -the lamina, medulla, lobula, and lobula platewhose constituent interneurons derive from distinct precursor pools and project separately into the columnar array [6] .
While the more peripheral layers of this map are initially structured by the ingrowth of retinotopically organized photoreceptor axons [7, 8] , how neurons within the deeper ganglia, the lobula and lobula plate, plug into the retinotopic map generated upstream has remained mysterious.
The fruit fly visual system has provided a powerful model for understanding the circuit and algorithmic bases of visual motion detection [9] . Photoreceptors pass signals into the lamina and then the medulla, where visual information flows into parallel ON and OFF pathways that detect moving light or dark edges, respectively [10] [11] [12] . Direction selectivity, the neural preference for visual inputs moving in one direction, first emerges in third-order interneurons called T4 and T5, whose cell bodies and axon terminals reside in the lobula plate [13] . As flies fail to respond to motion when T4 and T5 neurons are inactivated [14] , differentiating and wiring these neurons is critical to the fly's ability to navigate and avoid predators.
T4 neurons respond selectively to moving light edges and project dendrites into the medulla, while T5 neurons respond to moving dark edges and project dendrites into the lobula. T4 and T5 each have four subtypes that respond to motion in one of four cardinal directions -backward, forward, upward, and downward -and that segregate their axon terminals in the lobula plate into four retinotopically organized layers [13] . This means that roughly 6,400 T4 and T5 neurons must plug into an 800-point retinotopic map in either the medulla or the lobula and then merge into a single map in the lobula plate. What mechanisms drive T4 and T5 subtype differentiation and retinotopy?
Direction-selective circuits in the fly can be divided into horizontal system cells, which prefer forward or backward motion, and vertical system cells, which prefer upward or downward motion. PintoTeixeira et al. [2] began by identifying when and how the T4 and T5 cells that are part of either the vertical or horizontal system differentiate. They found that the neuroepithelial domain from which T4 and T5 neurons are born comprises two progenitor populations that express either Decapentaplegic (Dpp, a growth factor in the TGFb superfamily) or Brinker (Brk, a transcriptional repressor of Dpp target genes) [15] . These populations correspond to the vertical-selective and horizontal-selective T4 and T5 subtypes, respectively, with constitutive activation of Dpp signaling being sufficient to drive differentiation into vertical system cells. Expression of the transcription factor Atonal then converts the progenitors into terminally dividing cells. These findings are consistent with work from Apitz and Salecker [3] , who further dissected how Dpp expression is induced in the progenitors of vertical system T4 and T5 neurons, and how their identity is maintained. Another recent study [4] addressed how Atonal regulates neuroblast division patterns to ensure that the correct number of T4 and T5 neurons differentiate.
Pinto-Teixeira et al. [2] then performed elegant clonal analysis experiments to examine how the remaining subtype diversity arises. The horizontal and vertical system progenitors use a unique mode of division that relies on two [2] suggest that birth location and timing are critical for targeting T4 and T5 dendrites and axons to the appropriate retinotopic map positions. The relative birth positions of T4 and T5 correlate with the dorsoventral organization of their projections, whereas birth timing correlates with anteroposterior organization. Posterior visual fields map onto earlier-born T4 and T5 neurons, while anterior visual fields map onto later-born T4 and T5 neurons. Critically, the columnar neurons in the medulla that define the retinotopic array display the same correlation between birth timing and anteroposterior organization. These observations suggest that, as T4 and T5 neurons are born, they target the most recently-born upstream columns. Taken together, this combination of birth location and timing, as well as the shared lineage of T4 and T5 subtypes receiving signals from the same point in visual space, form a complement of simple developmental strategies that solve a complex wiring problem.
Future studies will need to address the molecular mechanisms driving these developmental strategies. How are the births of medulla neurons synchronized with those of T4 and T5? How are division and differentiation of Brk+ and Dpp+ progenitors coordinated such that the retinotopic maps of horizontal and vertical system neurons align? What axon guidance and cell adhesion molecules target T4 and T5 dendrites to the axon terminals of newly born neurons in the medulla and lobula? More broadly, to what degree is wiring specificity driven by developmental strategies such as those described here, as opposed to molecular addressing mechanisms that specify particular patterns of synaptic connections within complex mixtures of differentiated cell types? Future efforts that use the fruit fly visual system to link circuit development to computational function will undoubtedly deepen our understanding of these critical questions.
